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VIRTUAL AIRDAM AND METHOD FOR A 
VEHICLE 

TECHNICAL FIELD 

0001. This invention relates to a vehicle air curtain which 
can be activated based on road conditions. 

BACKGROUND OF THE INVENTION 

0002 The function of an airdam (also referred as a front 
spoiler) is to reduce the total drag, and to increase volumet 
ric flow of cooling air in a vehicle's engine compartment. AS 
an add-on part, the airdam (usually made of plastic) is placed 
under the front of the vehicle at nearly a right angle to the 
flow. The drag reducing effect of an airdam is based on the 
fact that it diminishes the air speed under a vehicle thus 
attenuating the contribution of the underbody airflow to the 
overall drag. This is important Since fuel economy is 
affected by drag. The height of the airdam must be experi 
mentally adjusted for each vehicle model. In most cases the 
optimum height can not be achieved due to the ground 
clearance limitations and other road factors (curbside, etc.). 
It is possible to damage the airdam while driving or parking 
due to its low clearance. In most cases a damaged airdam 
must be replaced with a new one. 
0003. The prior art includes mechanical aerodynamic 
control devices. While these prior approaches may reduce 
drag to Some effect, each of the approaches is limited in its 
effectiveness or desirability. For instance, mechanical aero 
dynamic control devices add weight and undue complexity 
to the vehicle. Further, Since mechanical controls usually 
cause drag at off-design conditions, e.g., lower or higher 
Speeds, the mechanical controls desirably must be mechani 
cally adjustable, which further adds to the weight and 
complexity. And airdams which hang too low hit parking 
curbs. 

SUMMARY OF THE INVENTION 

0004. This invention proposes to replace the plastic air 
dam with a virtual airdam comprising a jet of air at the same 
location. The proposed invention uses a virtual airdam 
which is generated by blowing air generally vertically 
downwardly under the vehicle as a jet flow. To generate this 
jet flow, forced air is blown through a conduit and ejected 
downward through a Series of ports or openings or an 
elongated Slit in the conduit to perform at least Some of the 
functions of a conventional airdam. If the opening is a Slit, 
the opening has a width of about 1 cm and its length is the 
Same as the conventional airdam. There is an air actuating 
System that can be activated whenever the function of an air 
curtain (jet flow) is required to replace a conventional 
airdam. The actuating System may operate to change the 
angle and the Velocity of the air jet. The goal is to maintain 
the same cooling for the engine component while improving 
drag reduction. This includes both the high Speed drag 
reduction and the low Speed cooling requirements of the 
vehicle. Drag reduction is a function of the jet or blowing 
Velocity. The optimum Set Speed ratio is around 1.5. 
0005. This invention includes a vehicle having a forward 
end Spaced from a Support Surface for the vehicle. The 
forward end has a Source of air under pressure and a conduit 
Spaced Sufficiently from any normal abutment on Said Sup 
port Surface to avoid said abutment and operable to project 
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a curtain of air from the forward end toward the Support 
Surface with Sufficient flow and location to form a virtual 
airdam Sufficient to reduce drag without impairing the 
internal combustion (IC) engine cooling requirements of the 
vehicle. 

0006 Fuel cell vehicles under development have much 
higher cooling airflow requirements (almost three times the 
conventional ones or internal combustion engines (IC)). 
Cooling flow in IC vehicles is used for engine cooling and 
is also later used to cool Some hot Spots in the underhood 
environment. Fuel cell Vehicles as envisaged do not have the 
requirement of cooling hot spots. In this situation, the flow 
that is used for powertrain cooling purposes can be freed up 
and redirected downwards to capture the effects of the 
Virtual airdam. In this case, the additional cost to come up 
with the Source and power for creating a jet is absent. So, this 
invention is also appropriate for fuel cell vehicles. 
0007 Thus, the invention also has potential applications 
in fuel cell vehicles. Such advanced vehicles breathe much 
more than conventional vehicles. This is primarily obtained 
by Sizing the fan package of the airdam of this invention at 
different locations. By fine tuning the locations at which the 
flow is ejected, Some potential drag Savings can also be 
obtained. 

0008. This invention is also a virtual airdam assembly for 
use on the underSide of a vehicle's front engine compart 
ment. The assembly includes a conduit configured to con 
nect to the vehicle and has an inlet to receive either ram air 
or blower-Supplied air and an outlet configured to Supply the 
received air as jets forming a virtual airdam. 
0009. This invention is also a method of reducing drag 
and increasing Volumetric airflow for cooling in a moving 
vehicle's engine compartment positioned above a vehicle 
Support. The invention comprises forming an air conduit 
with respect to the engine compartment, porting Said conduit 
to form a jet-forming outlet positioned to direct the jet away 
from Said compartment and toward Said vehicle Support, and 
Supplying air through Said conduit in a Sufficient volume to 
Said jet-forming outlet to form a virtual airdam at least 
partially between said engine compartment and Said vehicle 
Support which Sufficiently intercepts an air Stream created by 
the moving vehicle to reduce vehicle drag. 
0010. The above features and advantages, and other fea 
tures and advantages of the present invention are readily 
apparent from the following detailed description of the best 
modes for carrying out the invention when taken in connec 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a fragmentary underside perspective of a 
conventional airdam on the front of a vehicle; 

0012 FIG. 2 is a schematic CFD simulation in sideview 
of the diversion of air flow by the conventional airdam; 
0013 FIG. 3 is a fragmentary underside perspective of 
the Virtual airdam jet configuration of this invention; 
0014 FIG. 4 is a schematic CFD simulation in sideview 
of the air flow for the virtual airdam; 
0015 FIG. 5 is a chart showing the drag reduction of the 
virtual airdam (CD) as a function of front end airflow 
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(FEAF) or velocity (CMM) for the conventional airdam 
Versus the virtual airdam; and 

0016 FIG. 6 is a schematic showing of a jet airdam in a 
fuel cell vehicle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0017 FIG. 1 shows the front end 10 of a vehicle 12. The 
vehicle has an internal combustion (IC) engine 14 in an 
engine compartment 16 for driving wheels 18, 20 on a 
roadway or Support Surface 22. The engine 14 has a radiator 
24 in a coolant circuit with the engine. The radiator has a fan 
26 for circulating forced air through the radiator. An air 
scoop or grille 30 is formed in the front end of the vehicle 
so that cooling air flow A (RAM AIR) is created by the 
forward movement of the vehicle. The cooling air flow A 
circulates through and around the radiator 24 in the front of 
the vehicle and continues through the engine compartment 
16 to cool some other hot spots in the underhood environ 
ment of the vehicle Such as an air conditioning condenser. 
An airdam 34 is formed generally as a curved band of plastic 
beneath the front end of the vehicle. The airdam 34 diverts 
air as shown in FIG. 2 and decreases the pressure in the 
engine compartment. This pressure differential increases the 
RAM flow A through the air scoop 30 or the grille in the 
front end of the vehicle. 

0.018. The virtual airdam of this invention is shown in 
FIGS. 3 and 4. The plastic band of the conventional air dam 
is replaced by a hollow similarly configured air conduit 40. 
The air conduit 40 has a series of ports or orifices 42 
distributed along the length of the conduit. Air is forced into 
the conduit 40 by a fan or blower 44. As shown in FIG. 3, 
the blower 44 forces air into an end 39 of the conduit and the 
air is distributed through the holes 42 in the conduit to form 
an air curtain which acts as a virtual airdam. The size and 
shape of the ports are designed to produce a jet of air in the 
desired direction downward toward a roadway or Support 
Surface 22 at the desired Velocity when a predetermined 
volume (CMM) of air is supplied to the conduit. A slot of 
about 1 cm width along the length of the conduit may 
substitute for the series of ports in the air conduit 40. The 
goal is to reduce the drag on a moving vehicle and increase 
fuel economy. A Secondary goal is to enhance cooling with 
air flow B in the engine compartment 16, see FIG. 4. 

0019. With reference to FIG. 4, the virtual airdam is 
formed by the air jets (or air curtain) 46 ejected from the air 
conduit 40 to cooperate with the inflow of cooling air A 
through the air Scoop to aspirate and enhance air flow B from 
the engine compartment. The jets (or air curtain) of forced 
air 46 Sufficiently intercept an air Stream created by the 
moving vehicle to reduce vehicle drag, thus having the affect 
of a virtual airdam. 

0020. As further shown in FIG. 4, the conduit 40 is 
Spaced Sufficiently away from any normal road abutment, 
such as the curb 49, to avoid hitting the abutment during 
normal operation of the vehicle, Such as parking. 

0021 FIG. 5 shows conventional versus virtual airdam 
performance. The airdam increases cooling flow and reduces 
aerodynamic drag. FIG. 5 shows the amount of the drag 
reduction and its impact on the cooling flow. High drag 
reduction with no flow improvement is not an optimal 
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design. The figure shows the performance of a conventional 
airdam compared with the corresponding virtual airdam. AS 
shown in this figure, a virtual airdam performs similar to a 
conventional airdam in terms of reducing drag and optimiz 
ing the flow. 
0022. A fuel cell vehicle 50 is shown in FIG. 6. Vehicle 
50 has a cooling air inlet 52 for receiving ram air when the 
vehicle is moving. The radiator 54 has a fan 56. The radiator 
is in a heat exchange relationship with the fuel cell stack 58. 
The fuel cell stack is the energy source for the powertrain 60 
of the fuel cell vehicle 50. A shroud 64 is in air flow 
communication with the radiator 54 and terminates in a 
jet-forming outlet or slit 70 configured to form a virtual 
airdam 36 as described hereinbefore. The fan 56 may be 
used to redirect air with an air conduit 72 formed by the 
shroud 64. Fuel cell vehicles have much higher cooling 
airflow requirements (almost three times the IC engines). 
Cooling flow in Such IC vehicles is used for engine cooling 
and also later used to cool Some hot spots in the underhood 
environment. However, fuel cell vehicles as exemplified 
here do not have the requirement of cooling hot spots other 
than the fuel cell Stack. Thus, in this example, fuel cell 
vehicles free up air flow that would otherwise be used for 
powertrain cooling purposes So that the airflow may be 
redirected downwards in conduit 72 to capture the effects of 
the virtual airdam at a jet-forming outlet 70, which may be 
configured as described hereinbefore for conduit 40. In the 
case of fuel cell vehicles, the additional cost to come up with 
the Source and power for jet 70 is saved. So, the virtual 
airdam of this invention has a technical advantage in fuel 
cell vehicles. 

0023. While the best modes for carrying out the invention 
have been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna 
tive designs and embodiments for practicing the invention 
within the Scope of the appended claims. 

1. A vehicle having a forward end including a conduit 
Spaced from a Support Surface for the vehicle, Said conduit 
having a Source of air under preSSure and is spaced Suffi 
ciently from any normal abutment on Said Support Surface to 
avoid Said abutment and operable to project a curtain of air 
from Said forward end toward Said Support Surface with 
Sufficient flow and direction to form a virtual airdam Suffi 
ciently to reduce vehicle drag: 

2. The vehicle of claim 1 including a Series of ports in the 
conduit for projecting the curtain of air. 

3. The vehicle of claim 1 including a slit in the conduit for 
projecting the curtain of air. 

4. The vehicle of claim 1 wherein the Source of air is a fan 
or blower. 

5. The vehicle of claim 1 wherein the operation of the 
Source of air is adjustable. 

6. The vehicle of claim 1 including a fuel cell and a 
radiator in an air flow communication with Said Source of air 
under pressure, and a Shroud connected to Said Source of air 
and configured to form the conduit. 

7. A vehicle having a forward end enclosing an engine 
needing cooling air flow and including a conduit spaced 
from a Support Surface for the vehicle, Said conduit having 
a Source of air pressure and Spaced Sufficiently from any 
normal abutment on Said Support Surface to avoid Said 
abutment and operable to project a curtain of air from Said 
forward end toward said support surface with sufficient flow 
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and direction to form a virtual airdam Sufficiently to reduce 
vehicle drag while maintaining Said cooling air flow for Said 
engine. 

8. The vehicle of claim 7 including a series of ports in the 
conduit for projecting the curtain of air. 

9. The vehicle of claim 7 including a slit in the conduit for 
projecting the curtain of air. 

10. The vehicle of claim 7, wherein the Source of air is a 
fan or blower. 

11. The vehicle of claim 10 including a radiator in air flow 
communication with Said fan or blower. 

12. A method of reducing drag and increasing Volumetric 
airflow for cooling in a moving vehicle's engine compart 
ment positioned above a vehicle Support comprising: 

forming an air conduit to form a jet-forming outlet 
positioned to direct the air away from Said compart 
ment and toward Said vehicle Support; and 

Supplying air through Said conduit in a Sufficient Volume 
to Said jet-forming outlet to form a virtual airdam at 
least partially between Said engine compartment and 

Jul. 28, 2005 

Said vehicle Support which Sufficiently intercepts an air 
Stream created by the moving vehicle to reduce vehicle 
drag. 

13. A virtual airdam assembly for a movable Support 
comprising an elongated conduit configured to be Support 
able on the underside of a front end portion of the movable 
Support, Said conduit having an inlet opening configured for 
receiving air and an outlet opening configured to form a 
Virtual airdam with the air received to reduce drag on the 
movable Support 

14. The virtual airdam assembly of claim 13 wherein the 
movable Support is a vehicle front engine compartment 
adapted to receive ram air and the outlet of the conduit is 
configured to project a curtain of air away from the engine 
compartment with Sufficient flow to increase Volumetric air 
flow for cooling in Said engine compartment. 

15. The virtual airdam assembly of claim 13 including a 
blower for Supplying at least a portion of the air received by 
Said inlet opening of Said conduit. 
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